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[Title of Document] Specification 

[Title of the Invention] SEMICONDUCTOR DEVICE AND 

PROCESS FOR PRODUCING THE 
SAME 

[Scope of Claim for a Patent] 
[Claim 1] 

A semiconductor device with an MOS 
transistor, where the gate electrode of the MOS 
transistor is in a stacked structure comprising a 
silicon layer, a metal silicide layer, a metal nitride 
layer and a metallic layer formed in this order from 
the bottom upwards . 

[Claim 2] 

A semiconductor device according to Claim 1, 
wherein the silicon layer is doped with an impurity of 
any desired conductor type. 

[Claim 3] 

A semiconductor device according to Claim 1 , 
wherein the metal silicide layer has a thickness of 5- 
20 nm. 

[Claim 4] 

A semiconductor device according to Claim 1 , 
wherein the metal silicide layer is a tungsten silicide 
layer, the metal nitride layer is a tungsten nitride 
layer, and the metallic layer is a tungsten layer. 

[Claim 5] 
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A semiconductor device with an MOS transistor 
whose gate electrode is in a stacked structure 
comprising a silicon layer and a metallic layer as an 
uppermost layer provided on the silicon layer, wherein 
a metal silicide layer is provided on the silicon layer 
side, and a metal nitride layer is provided under the 
metallic layer side between the silicon layer and the 
metallic layer. 

[Claim 6] 

A semiconductor device according to Claim 5 , 
wherein the silicon layer is doped with an impurity of 
any desired conduction type. 

[Claim 7] 

A semiconductor device according to Claim 5, 
wherein the metal silicide layer has a thickness of 5- 
20 nm. 

[Claim 8] 

A semiconductor device according to Claim 5, 
wherein the metal silicide layer is a tungsten silicide 
layer, the metal nitride layer is a tungsten nitride 
layer and the metallic layer is a, tungsten layer. 

[Claim 9] 

A process for producing a semiconductor 
device, which comprises a first step of forming a first 
insulation layer on the surface of a semiconductor 
substrate, a second step of depositing a silicon layer 
on the first insulation layer, a third step of 
depositing a first material layer on the silicon layer. 



I 



a fourth step of depositing a metal nitride layer on 
the first metallic layer, a fifth step of depositing a 
second metallic layer on the metal nitride layer, a 
sixth step of processing a stacked structure of the 
5 silicon layer, the first metallic layer, the metal 

nitride layer and the second metallic layer into a gate 
electrode form, a seventh step of ion implanting an 
impurity onto the surface of the semiconductor 
substrate, using the gate electrode as a mask, and an 
10 eighth step of reacting the first metallic layer with 
the silicon layer by heat treatment , thereby forming a 
metal silicide layer. 

[Claim 10] 

A process for producing a semiconductor 
15 device according to Claim 9, wherein in the eighth step 
the heat treatment is carried out at 650°C or higher. 
[Claim 11] 

A process for producing a semiconductor 
device according to Claim 9, wherein in the eighth 
20 step, the impurity implanted in the seventh step is 
activated. 

[Claim 12] 

A process for producing a semiconductor 
device according to Claim 9, wherein the metal silicide 
25 layer is a tungsten silicide layer, the metal nitride 
layer is a tungsten nitride layer and the first and 
second metallic layers are tungsten layers . 
[Claim 13] 
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A process for producing a semiconductor 
device, which comprises a first step of forming a first 
insulation layer on the surface of a semiconductor 
substrate, a second step of depositing a silicon layer 
5 on the first insulation layer, a third step of 

depositing a first metallic layer on the silicon layer, 
a fourth step of depositing a metal nitride layer on 
the first metallic layer, a fifth step of depositing a 
second metallic layer on the metal nitride layer, a 

10 sixth step of reacting the first metallic layer with 
the silicon layer by heat treatment, thereby turning a 
metal silicide layer, a seventh step of processing the 
stacked structure comprising the silicon layer, the 
metal silicide layer, the metal nitride layer and the 

15 second metallic layer into a gate electrode form, and 
an eighth step of ion implanting an impurity onto the 
surface of the semiconductor substrate, using the gate 
electrode as a mask. 

[Claim 14] 

20 A process for producing a semiconductor 

device according to Claim 13, wherein in the sixth step 
the heat treatment is carried out at 6 50°C or higher. 
[Claim 15] 

A process for producing a semiconductor 
25 device according to Claim 13, wherein the metal 

silicide layer is a tungsten silicide layer, the metal 
nitride layer is a tungsten nitride layer and the first 
and second metallic layers are tungsten layers. 



[Claim 16] 

A process for producing a semiconductor 
device, which comprises a step of forming a first 
insulation layer on the surface of a semiconductor 
5 substrate, a step of depositing a silicon layer on the 
first insulation layer, a step of depositing a metal 
silicide layer on the silicon layer, a step of 
depositing a metal nitride layer on the first metal 
layer, a step of depositing a metallic layer on the 

10 metal nitride layer, a step of processing the stacked 
structure comprising the silicon layer, the metal 
silicide layer, the metal nitride layer and the 
metallic layer into a gate electrode form, and a step 
of ion implanting an impurity onto the surface of the 

15 semiconductor substrate, using the gate electrode as a 
mask. 

[Claim 17] 

A process for producing a semiconductor 
device according to Claim 16, wherein the metal 
20 silicide layer is a tungsten silicide layer, the metal 
nitride layer is a tungsten nitride layer and the 
metallic layer is a tungsten layer. 



[Detailed Description of the Invention] 
[0001] 

25 [Technical Field of the Invention] 

The present invention relates to a 
semiconductor device and a process for producing the 
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same, and more particularly to a semiconductor device 
with an MIS type transistor and a process for producing 
the same . 

[0002] 
5 [Prior Art] 

To attain higher performance and higher 
integration of devices, semiconductor devices have been 
progressively scaled down these years, necessitating 
incorporation of low-resistance materials into the 
10 electrode materials. It is thus desirable to 

incorporated a metal also into the MOS transistor gate 
electrode . 

[0003] 

In case of high speed CMOS devices , on the 
15 other hand, only low threshold voltage and low gate 

resistance are not enough to attain higher performance 
and higher integration at the same time, and it is 
required to reduce the gate/contact pitch. 
Conventional technologies of satisfying these 
20 requirements include a SALICIDE technology of self- 
aligned silicidation of gate polycrystalline silicon 
and source/drain regions, a technology using POLICIDE 
structure, i.e. using a gate of polycrystalline 
silicon/silicide-stacked structure, a technology using 
25 a gate electrode of polycrystalline silicon/high 
melting point metal- staclced structure, etc. 
[0004] 

However, the SALICIDE technology is difficult 
- 6 - 



to use together with a self -aligned contact technology 
and thus is difficult to reduce the layout pitch. The 
POLICIDE structure is so high in the sheet resistance 
that it is difficult to obtain a sufficiently low gate 
5 resistance. This is a problem of the POLICIDE 
structure. Thus, the desirable gate electrode 
structure capable of satisfying the aforementioned 
requirements is a metal/polycrystalline silicon- stacked 
structure . 

10 [0005] 

However, such a stacked structure has a low 
thermal stability and even if tungsten, i.e. high 
melting point metal, is used as the metal, reaction 
takes place between the metal and silicon during the 

15 heat treatment at about eso^'C, resulting in an increase 
in resistance, degradation of layer surface state, 
dielectric breakdown, etc. as other problems. To solve 
these problems, a structure of inserting a metal 
nitride layer as a reaction barrier between the metal 

20 and the polycrystalline silicon (metal/reaction 

barrier/polycrystalline silicon- stacked structure) has 
been proposed {e.g. '98 lEDM Technical Digest, pp. 397- 
400) . 

[0006] 

25 [Problem to be Solved by the Invention] 

Use of the tungsten nitride layer as a 
reaction barrier as mentioned above, still suffers from 
the following problems : 

- 7 - 
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(!) Contact resistance between tungsten 
nitride and polycrystalline silicon is very high, e.g. 
up to 2 X 10"^ Q-cm^. 

(2) Device circuit performance is not 
5 improved due to the high contact resistance, etc. 

[0007] 

An object of the present invention is to 
provide a semiconductor device with reduced contact 
resistance between the reaction barrier layer and the 
10 polycrystalline silicon in the metal/reaction- 

barrier/polycrystalline silicon-stacked structure, and 
a process for producing the same. 

[0008] 

[Means for Solving Problem] 
15 To reduce the contact resistance between 

reaction barrier film and polycrystalline silicon, a 
metal/reaction barrier /metal silicide/polycrystalline 
silicon- stacked structure is applied as a gate 
electrode . 
20 [0009] 

[Mode for Carrying Out the Invention] 

The present invention will be described in 
detail below, referring to Examples and Drawings. 
[0010] 

25 Figs. 1(a) - (e) are cross-sectional views 

showing process steps for forming a gate electrode 
according to Example 1 of the present invention. 
[0011] 
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Gate insulation layer 102 is formed on the 
surface of semiconductor substrate 101 e.g. by thermal 
oxidation, and then polycrystalline silicon layer 103 
is deposited thereon e.g. by CVD (Fig. 1(a)). 
5 [0012] 

Polycrystalline silicon layer 103 is doped 
with an impurity of any desired conduction type (e.g. 
phosphorus or boron) by ion implanting, followed by 
activation annealing at 950°- 1 , 000°C . Then, metallic 

10 layer 104 of e.g. tungsten is deposited thereon to a 
thickness of about 5 nm e.g. by sputtering, where 
precleaning e.g. with hydrofluoric acid is carried out 
beforehand to remove natural oxide, etc. remaining on 
the surface of polycrystalline silicon layer 103. 

15 Then, metal nitride layer 105 of e.g. tungsten nitride 
as a reaction barrier and metallic layer 106 of e.g. 
tungsten are deposited thereon one after the other to a 
thickness of about 5 to about 10 nm and to a thickness 
of about 50 nm, respectively, e.g. by sputtering (Fig. 

20 Kb)). 

[0013] 

It is desirable to deposit these metallic 
layers 104 and 106 or metal nitride layer 105 
continuously without exposure to the air. Then, 
25 silicon oxide layer 107 is deposited on metallic layer 
6 e.g. by plasma CVD (Fig. 1(c)). 

[0014] 

The stacked structure of these deposited 
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layers is processed into a gate electrode e.g. by 
lithography and anisotropic dry etching, using a resist 
(Fig. 1(d)). 

[0015] 

5 Then, metallic layer 104 is made to read with 

polycrystalline silicon layer 103 by heat treatment at 
650°C or higher in a process for forming a CMOS device, 
thereby forming metal silicide layer 108 of e.g. 
tungsten silicide to a thickness about twice as large 
10 as that of deposited metallic layer 104 (Fig. 1(e)). 
[0016] 

The gate electrode thus formed has a contact 
resistance by about 1/10 to about 1/40 lower than that 
of the conventional gate electrode without insertion of 
15 a metal silicide layer, because a desirable 

metal/ semiconductor contact can be formed between metal 
silicide layer 108 and polycrystalline silicon layer 
103 in the present Example. 
[0017] 

20 Figs. 2(a) - (d) are cross-sectional views 

showing process steps for forming a gate electrode 
according to Example 2 of the present invention. 
[0018] 

The process steps of Figs. 2(a) and 2(b) are 
25 identical with those of Example 1. After gate 

insulation layer 102, polycrystalline silicon layer 
103, metallic layer 104 of e.g. tungsten, metal nitride 
layer 105 of e.g. tungsten nitride, and metallic layer 



106 of e.g. tungsten have been deposited on silicon 
substrate 101 as a stacked structure (Fig. 2(b)), heat 
treatment of the stacked structure is carried out at 
650^*0 or higher in the present Example to react metallic 
layer 104 with polycrystalline silicon layer 103, 
thereby forming metal silicide layer 108 of e.g. 
tungsten silicide only to a thickness about twice as 
large as that of deposited metallic layer 104 (Fig. 
2(c)). 

[0019] 

Then, the stacked structure is processed into 
a gate electrode e.g. by lithography and anisotropic 
dry etching using a resist (Fig. 2(d)). 

[0020] 

The gate electrode thus formed has a contact 
resistance by about 1/10 to about 1/40 lower than that 
of the conventional gate electrode without insertion of 
a metal silicide layer, because a desirable 
metal/semiconductor contact can be formed between metal 
silicide layer 108 and polycrystalline silicon layer 
103 in the present Example. 

[0021] 

Figs. 3(a) - (d) are cross-sectional views 
showing process steps for forming a gate electrode 
according to Example 3 of the present invention. 

[0022] 

Gate insulation layer 102 is formed on the 
surface of semiconductor substrate 101 e.g. by thermal 



oxidation, and then polycrystalline silicon layer 103 
is deposited thereon e.g. by CVD (Fig. 3(a)). 
[0023] 

Polycrystalline silicon layer 103 is doped 
with an impurity of any desired conduction type (e.g. 
phosphorus or boron) by ion implanting, followed by 
activation annealing at QSO""-! , OOO^'C. Then, metal 
silicide layer 109 of e.g. tungsten silicide is 
deposited thereon to a thickness of 5-20 nm e.g. by 
sputtering or CVD, where precleaning e.g. with 
hydrofluoric acid is carried out beforehand to remove 
natural oxide, etc. remaining on the surface of 
polycrystalline silicon layer 103. Then, metal nitride 
layer 105 of e.g. tungsten nitride as a reaction 
barrier and metallic layer 106 of e.g. tungsten are 
deposited thereon one after the other to a thickness of 
about 5 to about 10 nm and to thickness of about 50 nm, 
respectively, e.g. by sputtering (Fig. 3(b)). 

[0024] 

It is desirable to deposit these metal 
silicide layer 109, metal nitride layer 105 and 
metallic layer 106 continuously without exposure to the 
air. Then, silicon oxide layer 107 is deposited on 
metallic layer 106, e.g. by plasma CVD (Fig. 3(c)). 

[0025] 

The stacked structure of these deposited 
layers is processed into a gate electrode, e.g. by 
lithography and anisotropic dry etching using a resist 



(Fig. 3(d)), 

[0026] 

The gate electrode thus formed has a contact 
resistance by about 1/10 to about 1/40 lower than that 
of the conventional gate electrode without insertion of 
a metal silicide layer, because a desirable 
metal/semiconductor contact can be formed between metal 
silicide layer 109 and polycrystalline silicon layer 
103 in the present Example. 

[0027] 

Figs. 4(a) - (c) and Figs. 5(a) - (c) are 
cross -sectional views showing process steps for 
producing a CMOS transistor according to Example 4 of 
the present invention. 

[0028] 

The surface of silicon substrate 301 is 
oxidized to a thickness of about 10 nm e.g. by thermal 
oxidation to form oxide layer 302, and silicon nitride 
layer 303 is deposited thereon to a thickness of about 
150 nm e.g. by thermal CVD. Then, a trench is formed 
to a depth of about 0 . 3 [xm in a region serving as 
isolation area of silicon substrate 301 by 
photolithography and dry etching and then the inside 
surface of the trench is thermally oxidized to a 
thickness of about 10 nm (Fig. 4(a)). 

[0029] 

Then, silicon oxide layer 304 is deposited 
e.g. by CVD to fill the trench, and the silicon nitride 



layer 305 is deposited thereon e.g* by thermal CVD. 
Silicon nitride layer 305 is removed only from the 
surface of device-active region e.g. by 
photolithography and dry etching, as shown in Fig. 
5 4(b), followed by flattening by CMP (Chemical 

Mechanical Polishing). Polishing rate of silicon 
nitride layers 303 and 305 is lower than that of 
silicon oxide layer 304, so that the polishing can be 
discontinued at the level of silicon nitride layers 303 
10 and 305. Then, silicon nitride layers 303 and 305 and 
silicon oxide layer 302 are removed by wet cleaning 
(Fig. 4(c)). 

[0030] 

Then, gate insulation layer 310 is formed on 
15 the surface of semiconductor substrate 301 e.g. by 

thermal oxidation, and polycrystalline silicon layer is 
formed thereon e.g. by CVD. The polycrystalline 
silicon layer is locally doped with an impurity of n- 
type (e.g. phosphorus) and with another impurity of p- 
20 type (e.g. boron) by ion implanting, thereby forming n- 
type polycrystalline silicon layer 311 as an NMOS gate 
electrode and p-type polycrystalline silicon layer 312 
as a PMOS gate electrode, respectively. 
[0031] 

25 Next, activation annealing is conducted at 

950°C. Then, metallic layer 309 of e.g. tungsten is 
deposited thereon to a thiclcness of about 5 nm e.g. by 
sputtering, where precleaning e.g. with hydrofluoric 
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acid is carried out beforehand to remove natural oxide, 
etc. remaining on the surfaces of polycrystalline 
silicon layers 311 and 312. Then, metal nitride layer 
308 of e.g. tungsten nitride as a reaction barrier and 
metallic layer 307 of e.g. tungsten are deposited 
thereon one after the other to a thickness of about 5 
to about 10 nm and to a thickness of about 50 nm, 
respectively, e.g. by sputtering. It is desirable to 
deposit these metallic layer 309, metal nitride layer 
308 and metallic layer 307 continuously without 
exposing to the air. Then, silicon oxide layer 306 is 
deposited on metallic layer 307 e.g. by plasma CVD. 
[0032] 

The stacked structure of these deposited 
layers is processed into gate electrodes e.g. by 
lithography and anisotropic dry etching using a resist. 

[0033] 

Then, NMOS diffusion layer region 314 and 
punch-through stopper region 315, and PMOS diffusion 
layer region 316 and punch- through stopper region 317 
are formed by photolithography and ion implanting (Fig. 
5(a)). 

[0034] 

Furthermore, after a silicon oxide layer is 
deposited thereon e.g. by plasma CVD, side walls 313 of 
silicon oxide are formed on the gate electrode sides by 
removing the deposited silicon oxide layer only by a 
corresponding deposited thickness portion by isotropic 



dry etching. Then, deeper NMOS diffusion layer region 
319 are formed by photolithography and ion implanting 
(Fig. 5(b)). 

[0035] 

Then, metallic layer 309 is made to react 
with polycrystalline silicon layers 311 and 312 by 
activation annealing of transistor [e.g. RTA( Rapid 
Thermal Annealing) at 950^*0 for 10 seconds], thereby 
forming metal silicide layer 320 of e.g. tungsten 
silicide to a thickness about twice as large as that of 
deposited metallic layer 309 (Fig. 5(c)). 

[0036] 

The gate electrodes thus formed have a 
contact resistance by about 1/10 to about 1/40 lower 
than that of the conventional gate electrodes without 
insertion of a metal silicide layer, because a 
desirable metal/semiconductor contact can be formed 
between metal silicide layer 320 and polycrystalline 
silicon layer 310, 312 in the present Example. Device 
circuit performance (propagation delay of CMOS device 
under no load) can be also increased to about 12 ps 
from bout 28 ps (CMOS device with gate length 
generation of 0.10 fxm) owing to these effects. 

[0037] 

Figs. 6(a) - (c) and Figs, 7(a) - (c) are 
cross-sectional views showing process steps for 
producing a CMOS transistor according to Example 5 of 
the present invention. 



[0038] 

The surface of silicon substrate 301 is 
oxidized to a thickness of about 10 nm e.g. by thermal 
oxidation to form oxide layer 302, and silicon nitride 
5 layer 303 is deposited thereon to a thickness of about 
150 nm e.g. by thermal CVD. Then, a trench is formed 
to a depth of about 0.3 |Lim in a region serving as 
isolation area of silicon substrate 301 by 
photolithography and dry etching and then the inside 
10 surface of the trench is thermally oxidized to a 
thickness of about 10 nm (Fig. 6(a)). 
[0039] 

Then, silicon oxide layer 304 is deposited 
e.g. by CVD to fill the trench and then silicon nitride 
15 layer 305 is deposited thereon e.g. by thermal CVD. 
Silicon nitride layer 305 is removed only from the 
surface of device-active region e.g. by 

photolithography and dry etching as shown in Fig. 6(b), 
followed by flattening by CMP (Chemical Mechanical 

20 Polishing) . Polishing rate of silicon nitride layer 
303 and 305 is lower than that of silicon oxide layer 
304, so that the polishing can be discontinued at the 
level of silicon nitride layers 303 and 305. Then, 
silicon nitride layers 303 and 305 and silicon oxide 

25 layers 302 are removed by wet cleaning (Fig. 6(c)). 
[0040] 

Then, gate insulation layer 310 is formed on 
the surface of semiconductor substrate 301 e.g. by 



thermal oxidation, and polycrystalline silicon layer is 
formed thereon e.g. by CVD. The polycrystalline 
silicon layer is locally doped with an impurity of n- 
type (e.g. phosphorus) and with another impurity of p- 
5 type (e.g. boron) by ion implanting, thereby forming n- 
type polycrystalline silicon layer 311 as an NMOS gate 
electrode and p-type polycrystalline silicon layer 312 
as a PMOS gate electrode, respectively. 
[0041] 

10 Next activation annealing is conducted at 

950°C. Then, metallic layer 309 of e.g. tungsten is 
deposited thereon to a thickness of about 5 nm e.g. by 
sputtering, where precleaning e.g. with hydrofluoric 
acid is carried out beforehand to remove natural oxide, 

15 etc. remaining on the surfaces of polycrystalline 

silicon layers 311 and 312. Then, metal nitride layer 
308 of e.g. tungsten nitride as a reaction barrier and 
metallic layer 307 of e.g. tungsten are deposited 
thereon one after the other to a thickness of about 5 

20 to about 10 nm and to a thickness of about 50 nm, 

respectively, e.g. by sputtering. It is desirable to 
deposit these metallic layer 309, metal nitride layer 
308 and metallic layer 307 continuously without 
exposing to the air. Then, silicon oxide layer 306 is 

25 deposited on metallic layer 307 e.g. by plasma CVD 
(Fig. 7(a)), 

[0042] 

In the present Example, heat treatment is 
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carried out at 650°C or higher at this stage to make 
metallic layer 309 read with polycrystalline silicon 
layers 311 and 312, thereby forming metal silicide 
layer 320 of e.g. tungsten silicide to aq thickness 
5 about twice as large as that of deposited metallic 
layer 309 (Fig. 7(b)). 
[0043] 

The stacked structure of these deposited 
layers is processed into gate electrodes e.g. by 
10 lithography and anisotropic dry etching using a resist. 
[0044] 

Then, NMOS diffusion layer region 314 and 
punch- through stopper region 315, and PMOS diffusion 
layer region 316 and punch- through stopper region 317 

15 are formed by photolithography and ion implanting. 

Furthermore, after a silicon oxide layer is deposited 
thereon e.g. by plasma CVD, side walls 313 of silicon 
oxide are formed on the gate electrode sides by 
removing the deposited silicon oxide layer only by a 

20 corresponding deposited thickness portion by isotropic 
dry etching. Then, deeper NMOS diffusion layer region 
318 and deeper PMOS diffusion layer region 319 are 
formed by photolithography and ion implanting (Fig. 
7(c)). 

25 [0045] 

The gate electrodes thus formed have a 
contact resistance by about 1/10 to about 1/40 lower 
than that of the conventional gate electrodes without 



insertion of a metal silicide, because a desirable 
metal/ semiconductor contact can be formed between metal 
silicide layer 320 and polycrystalline silicon layer 
310, 312 in the present Example. Device circuit 
performance (propagation delay of CMOS device under no 
load) can be also increased to about 12 ps from about 
28 ps (CMOS device with gate length generation of 0.10 
fjm) owing to these effects. 
[0046] 

[Effects of the Invention] 

Contact resistance at the conventional 
tungsten nitride/polycrystalline silicon boundary is in 
the order of 10'^ Q-cm^ even in any of polycrystalline 
silicon of either n- or p- type, failing to form a 
desirable metal/semiconductor boundary capable of 
showing ohmic characteristics, whereas the present 
invention can provide substantially desirable 
metal/semiconductor boundary by malcing a tungsten 
nitride/tungsten silicide/polycrystalline silicon- 
stacked structure, i.e. can provide a low contact 
resistance boundary capable of showing ohmic 
characteristics. When the present staclced structure is 
used in the MOS transistor gate electrode, circuit 
performance can be increased owing to the gate 
resistance-reducing effect of the present invention. 

Brief Description of Drawings 
[Fig, 1] 
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Cross -sectional views showing process steps 
of Example 1 according to the present invention. 
[Fig. 2] 

Cross -sectional views showing process steps 
5 of Example 2 according to the present invention, 
[Fig. 3] 

Cross-sectional views showing process steps 
of Example 3 according to the present invention. 
[Fig. 4] 

10 Cross-sectional views showing part of process 

steps of Example 4 according to the present invention. 
[Fig. 5] 

Cross-sectional view showing part of process 
steps of Example 4 according to the present invention. 
15 [Fig, 6] 

Cross -sectional views showing part of process 
steps of Example 5 according to the present invention. 

[Fig. 7] 

Cross -sectional views showing part of process 
20 steps of Example 5 according to the present invention. 
[Description of Reference Numerals] 

101 and 301: semiconductor substrate, 102 
and 310: gate oxide layer, 103: polycrystalline 
silicon layer, 104 and 309: metallic layer, 105 and 
308: metal nitride layer, 106 and 307: metallic 
layer, 107 and 306: silicon oxide layer, 108 and 320: 
metal silicide layer, 109: metal silicide layer, 302: 
silicon oxide layer, 303 and 305: silicon nitride 
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layer, 304: silicon oxide layer, 311: n-type 
polycrystalline silicon layer, 312: p-type 
polycrystalline silicon layer, 313: silicon oxide 
layer, 315 and 317: punch- through stopper, 314 and 
316: diffusion layer, and 318 and 319: deep diffusion 
layer . 
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[Title of Document] Abstract 
[Abstract ] 

[Problem] According to a conventional structure of 
metal/reaction barrier layer/polycrystalline silicon, 
contact resistance between reaction barrier 
layer/polycrystalline silicon becomes large and gate 
resistance is enhanced. By this, circuit delay time of 
MOS transistor increases . 

[Solving Means] A metal silicide is sandwiched between 
reaction barrier layer/polycrystalline silicon to form 
ideal metal/ semiconductor contact. 

[Effect] Contact resistance between reaction barrier 
layer/metal silicide/polycrystalline silicon is reduced. 
By this, circuit delay time of MOS transistor is 
shortened. 

[Selected Drawing] Fig. 1 
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